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Abstract 

 

This article presents the characteristics, advantages and 

disadvantages of using the Spring framework in the 

programming of web information systems, in order to 

highlight its importance in programming. As well as the 

comparison of working on the same projects, in this case 

points of sale, but with different tools and frameworks, 

which in development or programming make the 

difference in terms of management, distribution, 

information control and development time, which that 

allows us to evaluate the performance and response time 

that a system can have before the requests that a user can 

generate when requesting data queries. As Spring is a 

framework that supports the development of business 

applications in Java, it emerges as an alternative to the 

complex J2EE platform, providing important features 

such as dependency injection, transaction management, 

support for automated tests and support for oriented to 

programming aspects, so it is a tool that every programmer 

should know. 

 

 

Framework, Spring, Java, Systems, Development, 

applications 

Resumen 

 

En este artículo se presenta las características, ventajas y 

desventajas de utilizar el framework Spring en la 

programación de sistemas de información web, con el fin 

de resaltar su importancia en la programación. Así como 

la comparativa de trabajar proyectos iguales, en este caso 

puntos de venta, pero con diferentes herramientas y 

marcos de trabajo, que en el desarrollo o programación 

marcan la diferencia en cuanto a manejo, distribución, 

control de información y tiempo de  desarrollo, lo que nos 

permite evaluar el rendimiento y el tiempo de respuesta 

que puede tener un sistema antes las peticiones que puede 

generar un usuario al solicitar consultas de datos. Al ser 

Spring un framework que da soporte al desarrollo de 

aplicaciones empresariales en java, surge como una 

alternativa a la compleja plataforma J2EE, proporciona 

características importantes como lo es la inyección de 

dependencias, la gestión de transacciones, el soporte para 

pruebas automatizadas y el soporte orientado a aspectos de 

programación, por lo que es una herramienta que todo 

programador debería conocer. 

 

Framework, Spring, Java, Sistemas, Desarrollo, 

Aplicaciones 
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Introduction 

 

Spring Framework is free software, developed 

by Spring Source. It can be used in web 

containers, with JEE application servers such as 

Gassfish and JBoss. It can also be used for 

desktop applications.  

 

Spring has several complementary 

frameworks which are as follows: Spring MVC, 

Security, String Data, Web Services, Spring 

Web Flow, where each has a specific function. 

 

Due to the increasing complexity of most 

web systems, both in terms of security, 

functionality and graphics, the developer 

community felt the need to design certain aids, 

in order to avoid having to repeat code, thus 

reducing the time and space for the development 

of applications. 

 

Initially written by Rod Johnson, it was 

launched for the first time in June 2003 under the 

Apache 2.0 licence, being an open source Java 

platform. Since then, it has become the most 

popular framework for enterprise Java, for 

creating high-performance, lightweight and 

reusable code. Since its purpose is to 

standardise, streamline, manage and solve 

problems that may arise during the programming 

process. 

 

Spring offers as a key element the 

infrastructure support at application level, 

providing a complete model for both the 

configuration and programming of enterprise 

applications developed under Java, without 

discrimination in terms of platform deployment. 

 

All this brings with it a great advantage, 

as it allows development teams to focus directly 

on the business logic required by the application, 

making the process shorter, faster and more 

efficient, saving lines of code and avoiding 

repetitive tasks. 

 

Spring can be considered as the father of 

Java frameworks, as it supports several 

frameworks such as: Hibernate, Struts, Tapestry, 

EJB, JSF, among others. 

  

 

 

 

 

 

 

Methodology to be developed 

 

Dependency injection. It is a principle that 

reduces coupling and favours the cohesion of 

Object Oriented code. Initialisation is carried out 

by an external agent and then dependencies are 

inserted. 

 

The JEE6 platform offers dependency 

injection through JSR 299 and JSR 330. JSR 330 

was proposed by SpringSource and Google to 

standardise dependency injection annotations.  

 

Maven is used to get the Spring 

Libraries, for this we download Maven and 

create the M2 environment variable pointing to 

the M2_HOME/bin folder and include it in the 

PATH environment variable. Then create the 

Project in Maven.  

 

To create the Project with Eclipse choose 

Web Dynamic Project with JSF support. Then 

copy the JAR files from the Project to the WEB-

INF/lib directory and add them to the classpath 

of the Web Project. 

 

The Servlet API is unproductive for web 

application development. Servlets are mainly 

used for lower level operations such as file 

serialisation. In practice, some framework is 

adopted to ease development and avoid 

repetitive tasks. 

 

A framework is a code infrastructure that 

aims to facilitate the construction of 

publications, saving developers effort. In Java 

there are some like: JSF, Struts, SpringMVC, 

VRaptor, Wicket, etc. 
 

 
 

Figure 1 Spring structure 

Source: https://spring.io/ 

 

There are a couple of Spring Beans 

annotations such as: 
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- The @Autowired annotation is used to 

indicate a resource to be injected. 

 

- The @Component annotation can be used 

to define the beans. 

 

In order for the annotations to be 

processed, the tags following them must be 

introduced in the applicationContext.xml file. 

 

Spring offers other more specific 

annotations such as: @Service: for the service 

layer, @Repository for the persistence layer, 

@Controller for the presentation layer. 

 

Spring facilitates the use of databases in 

applications by allowing the injection of 

Datosource objects, the integration with 

connection pools and templates for the 

generation of SQL statements. In order to use 

JDBC tags, the namespaces in the 

applicationContext,xml file must be updated. 

The dataSource is configured in that file, where 

spring takes care of starting the database and 

executes the specified script. 

 

Spring is a framework made up of tools 

and utilities that are ideal for creating web 

applications using the Java programming 

language. 

 

It allows you to reuse modules and saves 

you from writing too much code for standard 

tasks. For example, when developing modern, 

dynamic web applications, you can use this 

framework to create endpoints, manageable 

systems, include login via social networks 

(Facebook, Google, etc.), integrate SQL and 

non-SQL databases and much more. 

 

Spring Framework features 

 

Allows the creation of dynamic routes for both 

views and environments that require it. 

 

Works seamlessly with the MVC (Model 

View Controller View) paradigm. 

 

Support for Reactive Application 

Development with Spring WebFlux (React JS 

type and similar) and for the creation and 

consumption of APIs from mobile devices, 

Smart TV's, etc. 

 

It supports login that allows applications 

limited access to user accounts through dynamic 

tokens with Spring Projects. 

Spring is integrated with various services 

of the same Spring platform; namely Spring 

Boot, Spring Cloud, Spring Security, among 

others. Let's see what they are: 

 

Spring Boot 

 

It is one of the solutions offered by Spring for 

the creation and development of independent 

applications. It allows the direct embedding of 

Servlet containers such as Tomcat, Jetty or 

Undertow, enables the automatic configuration 

of Spring and third-party libraries, and also 

provides functions for the creation of production 

lists such as metrics, status checks and external 

configuration. 

 

Spring Cloud 

 

Spring Cloud is ideal for building common 

patterns in distributed systems such as 

configuration management, circuit breakers, 

intelligent routing, micro proxy, control bus and 

more. 

 

Importantly, this solution is one that 

works in any distributed environment, including 

laptops, commodity data centres and managed 

platforms. 

It will work well in any distributed environment, 

including the developer's laptop, commodity 

data centres and managed platforms such as 

Cloud Foundry. 

 

Spring Security 

 

Spring-security takes care of the security of web 

services, from user tiering to the security 

protocol. 

 

It is a framework that focuses on 

providing authentication and authorisation for 

Java applications. It provides protection against 

attacks such as session fixation, clickhacking, 

cross-site request forgery, etc., Servlet API 

integration and optional integration with Spring 

Web MVC. 

 

Advantages of using Spring 

 

The Spring framework is very versatile because 

it is divided into modules designed to solve 

different needs. For example, the Spring-Core 

module allows us to reduce lines of code; that is, 

if we have a block of code of about 50 lines, it 

reduces it to 3 lines. 

 



MORALES-ZAMORA, Vianney, PAREDES-XOCHIHUA, 

María Petra and SANCHEZ-JUAREZ Iván Rafael. 

Importance of the Spring Framework in web programming. 

Journal of Computational Systems and ICTs. 2022 

ISSN-2444-5002 

ECORFAN® All rights reserved. 

4 

Article                                                                      Journal of Computational Systems and ICTs 
December 2022, Vol.8 No.22 1-5 

 

 

And the module related to the 

configuration of visibility and object 

management, unifies different management 

APIs and coordinates these transactions. 

 

Web development on REST API; with 

which the Spring framework manages the 

request, performs the corresponding data 

analysis and then decides in which Java class it 

will process the data. 

 

It allows the development of flexible and 

scalable applications; that is, as the programme 

grows, its maintenance will always be easy 

because the code will be easy to understand. 

 

Promotes high cohesion (precise focus 

on the purpose of a class) and low coupling 

(interconnection or dependency between 

classes). 

 

It promotes the use of POJO's for coding. 

POJO's refers to the use of simple classes that do 

not depend on a special framework. Objects 

created simply with members and these with 

their corresponding getters and setters and do not 

inherit from anyone. 

 

It is based on interface-oriented 

programming (meaning that we can change the 

implementation of a class programmatically or 

declaratively at runtime). 

 

It uses the DI (Dependency Injection) 

pattern, this pattern manages the dependencies 

of objects between the classes of the application, 

instead of being managed by them. 

 

It uses AOP (aspect-oriented 

programming) paradigm that allows decoupling 

certain responsibilities, improving the scalability 

of the application. 

 

Why use Spring? 

 

This is ideal for developing and deploying 

applications on machines with limited memory 

and resources. Spring provides a consistent 

transaction management interface that can be 

reduced to a local transaction (using a single 

database) and extended to global transactions. 

 

When we want to build objects we 

usually start from a class. This class can be any 

class and it is in charge of constructing the 

objects we request, as shown in Figure 2. 

 
 

Figure 2 Object structure 

Source: https://spring.io/ 

 

Spring as a Framework provides a first 

very important capability, which is that it is an 

inversion of control framework. That is, it takes 

control of when each of the objects is created. 

 

 
 

Figure 3 Object control 

Source: https://spring.io/ 

 

This allows it to act as an intermediary 

between the programme that uses the objects and 

the objects themselves. 

 

 
 

Figure 4 Relationship between objects and the 

programme 

Source: https://spring.io/ 

 

This additional behaviour is achieved 

through the use of the proxy pattern in Spring 

object that acts as an intermediary between the 

program and the real object, with the advantage 

that it is completely transparent to the program 

and the programmer is not aware that it is being 

used. 

 

 



MORALES-ZAMORA, Vianney, PAREDES-XOCHIHUA, 

María Petra and SANCHEZ-JUAREZ Iván Rafael. 

Importance of the Spring Framework in web programming. 

Journal of Computational Systems and ICTs. 2022 

ISSN-2444-5002 

ECORFAN® All rights reserved. 

5 

Article                                                                      Journal of Computational Systems and ICTs 
December 2022, Vol.8 No.22 1-5 

 

 

However, even though it is transparent, it 

adds an additional functionality that provides us 

with.  

 

 
 

Figure 5 Introduction to proxy 

Source: https://spring.io/ 

 

Results 

 

To validate the great importance in terms of web 

development with spring, 3 point of sale projects 

were taken (which allows to manage the 

information of suppliers, products, customers, 

inventory, sales), made with different tools, the 

first project is used: Html, css3, php, JavaScript, 

for Project 2: Html, css3, c# is used, for Project 

3 the java environment with Spring is used. 

 

Stress and performance tests were 

carried out on the systems with the JMeter 

software, obtaining the information presented in 

table 1, where the requests simulate the number 

of users that enter the system, together with the 

time it takes for the requests to be made. 

 

 
 

Table 1 Requests executed to obtain the % of performance 

 

Conclusions 

 

The use of Java with the spring Framework has 

a higher percentage of performance compared to 

other systems developed with other tools. It 

highlights the advantages of this framework and 

its development tolos. 
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Abstract  

 

As a consequence of the changes and challenges of the 

educational system, information and communication 

technologies, learning and knowledge, and empowerment 

and participation are essential in the teaching process. In 

this sense, digital learning objects (LOs) represented a way 

of knowledge construction during emerging remote 

teaching. Based on this experience, the study aims to know 

the students' perceptions when promoting their writing 

competence in a virtual environment through LOs in eXe 

Learning. A quantitative methodology and a Likert scale 

instrument were applied to analyze the phenomenon in the 

English Teaching Bachelor. In the findings, the students 

affirm that these digital designs promote a coherent and 

cohesive discourse with critical and reflective thinking, 

interpersonal skills, social relationships with their peers, 

and a sense of belonging to a virtual community as well as 

collaborative work roles during the interaction to know: 

pedagogical, social, administrative and technical. They 

also encourage motivation and confidence to 

communicate in writing and increase the percentage of 

tasks to develop productive and receptive skills and 

investigative activities. In conclusion, the LOs from eXe 

Learning are an appropriate means to promote written 

production. 

 

 

 

 

Competence, Pedagogical, Ubiquitous 

Resumen 

 

Como consecuencia de los cambios y retos del sistema 

educativo, las tecnologías de la información y la 

comunicación, de aprendizaje y conocimiento y de 

empoderamiento y participación son claves en el proceso 

de enseñanza. En este sentido, los objetos digitales de 

aprendizaje (ODAS) representaron un medio de 

construcción de conocimiento durante la enseñanza 

remota emergente. A partir de esta experiencia, el estudio 

tiene por objetivo conocer las apreciaciones de los 

estudiantes al promover su competencia escrita en la 

virtualidad mediante ODAS en eXe Learning. Para 

analizar este fenómeno en la Licenciatura en la Enseñanza 

del Inglés,  se utilizó la metodología cuantitativa y un 

instrumento de escala Likert. En los hallazgos, los 

estudiantes afirman que dichos diseños promueven un 

discurso coherente y cohesivo con pensamiento crítico, 

reflexivo, habilidades interpersonales, relaciones sociales 

con compañeros y un sentido de pertenencia a una 

comunidad así como roles de trabajo colaborativo durante 

la interacción a saber: pedagógico, social,  administrativo 

y técnico. También incentivan la motivación y confianza 

para comunicarse de manera escrita e incrementan el 

porcentaje de tareas para desarrollar las competencias 

productoras, receptivas y actividades investigativas. En 

conclusión, los ODAS en eXe Learning se constituyen 

como un medio apropiado para fomentar la producción 

escrita. 
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Introduction 

 

Virtual environments are digital spaces for 

teaching and learning, especially in a digital 

society that uses technologies to communicate, 

share information, and generate knowledge. In 

this context, the transformative and innovative 

capacity of Information and Communication 

Technologies (ICT), learning and knowledge 

technologies (LKT), and empowerment and 

participation technologies (EPT) represent a 

challenge for virtual education in this society 

(López-Gil and Bernal, 2018) where 

digitization, the network, mobile learning, 

media, and digital educational resources prevail 

(Flores-González and Flores-González, 2021). 

At this point, the selection of digital teaching 

materials and resources is crucial to support the 

educational process in learning environments 

with virtual interaction since these schemes 

allow teachers to include a diversity of tools to 

guide the didactic activity with instructional 

designs appropriate to their needs. Besides, 

pedagogical features contribute to the student's 

training for learning (Hockly, 2016; Aller, 

2019). Virtual Learning Objects (LOs) emerge 

as an educational tool supported by technology 

(Cruz et al., 2012; Cuadrado, 2015; Rosanigo et 

al., 2016) to optimize interactivity in language 

learning by representing a possibility of 

knowledge appropriation, considering its 

applicability (Vázquez et al., 2014). Therefore, 

the main objective of this research is to 

characterize the LOs embedded in eXe Learning 

to promote writing when working in virtual 

environments. In this regard, the study recovers 

its relevance and pertinence, considering that 

said interactive LOs are mediating tools to 

optimize the cognitive process in English as a 

foreign language. 

 

Theoretical framework 

 

In virtual environments, the teaching process 

requires the student's active learning for 

knowledge construction through the mediation 

and negotiation of meanings. However, it is 

necessary to implement technology-mediated 

strategies to promote competencies like writing 

for long-term memory.  

 

 

 

 

 

 

 

Moreover, in virtual contexts, such 

learning takes place thanks to participation, 

communication, and negotiation between 

curriculum agents (Maraza, 2016; Rodríguez 

and Barragán, 2017; Cedeño, 2019), where 

cognitive structures are built and deconstructed 

to trigger critical and reflective thinking (León, 

2014) with ICT and LKT (Contreras and Garcés, 

2019). 

 

In this negotiation, the teacher's role 

centers on facilitating educational, innovative, 

and knowledge-creating experiences and 

generating spaces to favor said construction. 

However, the ICT-LKT pairing must be 

according to the selected competence to be 

developed in the virtual environment to activate 

knowledge. In this sense,  digital tool selection 

for designing materials is fundamental in the 

didactic process to favor good and suitable 

practices (Díaz and Castro, 2017; Tapia, 2020). 

 

A clear example is the LOs hosted in 

programs such as Webquest and eXe-Learning 

or some other programs, which according to 

various authors, are the design of structured 

materials with content, objectives, and learning 

activities in a multimedia format (Ministry of 

National Education, 2005; Chiape, 2009; 

Karsenti et al., 2012; González et al., 2018). For 

this reason, their usefulness in virtuality is 

evident because they are a channel of 

communication, collaboration, exchange, and 

educational-digital support for the construction 

of abilities, skills, competencies, and attitudes 

(Salas and Umaña, 2010; Marqués, 2013). From 

this perspective, research reports its potential 

due to strategies, resources, and methods to 

generate various learning experiences (Area et 

al., 2016; Espinoza et al., 2018; Colás et al., 

2018). 

 

Characteristics of Los 

 

Wiley (2001, 2016) affirms that the two main 

characteristics of LOs are granularity and 

reusability, which must comply with properties 

such as: 

 

1. Adaptability. Use in activities with 

different learning styles.  

 

2. Personalization. Adaptable to the 

sequences and contextualization of the 

contents.  
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3. Reuse. Possibility of combining with other 

educational content.  

 

4. Durability. Information is current without 

requiring new designs.  

 

5. Modularity. Distribution in modules or 

units. Its use generates positive results due 

to its attributes as the presentation of 

content in a clear and easy-to-understand 

manner (95%) and accessible information 

structure, favoring superior thinking 

(85%) (García, 2015). LOs facilitate 

updating information and content, 

privileging academic training with 

synchronous or asynchronous interactivity 

and developing active and autonomous 

learning in students, compared to 

traditional classes (Ozden and Aksu, 2001; 

Rodgers and Withrow, 2005; 

Moghavvemi et al., 2018). Other crucial 

elements that favor  LOs in virtual 

environments are motivation and students' 

perceptions after applying them because 

studies show significant results in 

promoting self-management and active 

learning. In this regard, in the field of 

foreign languages, its implementation 

contributes to the development of 

linguistic competencies (Laid, 2018), 

constituting itself as a motivating resource 

for interactivity, autonomous learning, and 

construction of the language, favoring the 

various learning styles to increase 

students' confidence to participate and 

produce a written or oral discourse. 

 

    In this vein, the study by Feria and 

Zúñiga (2016) reports pupils' perception of LOs 

as a resource to understand and structure topics 

with motivational overtones to consult and 

expand the information, which is a natural way 

of approaching the structure of texts in the 

English language. 

 

Strategies to develop writing competence with 

LOs 

 

Writing involves cohesion and coherence of 

texts in different genres. In doing so, writing 

strategies allow the delimitation, organization, 

and development of a topic. For this reason, 

teachers must carefully select the means that 

adequately trigger said activity in digital 

formats.  

 

 

In this framework, the LOs are ad hoc 

means to embed tasks that promote writing 

supported by strategies to organize information, 

make inferences, and establish new relationships 

in the content. Considering that written 

production is a product, different procedures are 

necessary for its development like the following: 

 

1. Planning. It involves searching for a topic 

in terms of delimitation of the lexical field, 

schematization or pre-writing, 

brainstorming, content guide, free 

association, and analogies.  

 

2. Textualization. Schematic relationship of 

ideas based on strategic questions and 

content adaptation for textual 

reconstruction taking semantic 

relationships into account.  

 

3. Review. Evaluation of writing for its 

appropriate adaptation and final edition 

(Madrigal, 2008). 

 

In addition, some strategies are based on 

theoretical scaffolding and consider 

metacognitive and self-management reflections 

integrated by the analysis, reflection, and 

production of writing based on the negotiation of 

meanings, the transformation of knowledge, and 

methodological scripts, which foster internalized 

cognitive relationships and superior thinking 

(Velásquez and Alonzo, 2007; Bigi, 2017). 

However, the potential of LOs in language skills 

and competencies is in Valdez's study (2021), 

where digital material application helped 

students structure texts to produce written 

expressions achieving greater fluency for lexical 

reconstruction and reuse. In summary, LOs 

embedded in a program contribute to the 

teaching-learning didactic experiences, 

stimulating the process of construction, 

scaffolding, and mediation, as well as 

motivation and proficiency in the language 

(Becerra et al., 2015). 

 

Methodology 

 

The following lines describe the type of study, 

design, instrument, sample, and model analysis. 
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Type of study 

 

A cross-sectional descriptive quantitative study 

was applied to characterize the students' 

perceptions when developing their writing 

competence through digital learning objects in 

eXe Learning. Its selection was because 

quantitative descriptive studies collect data on 

different aspects of the studied subjects 

(Hernández-Sampieri and Mendoza, 2018) to be 

analyzed and measured. 

 

Instrument 

 

The data was collected through a Likert-scale 

questionnaire of 60 items to identify the 

attributes of the learning objects hosted in eXe 

Learning to promote the students' writing 

competence. Participants answered such an 

instrument at the end of the semester (Fall 2021) 

in a natural context without the researcher's 

intervention. 

 

Sample 

 

The study was carried out in the Bachelor's 

Degree in English Teaching, specifically with 

third-semester students. The sample consists of 

30 students who take classes online using eXe 

Learning, with the same workload and subjects. 
 

Variable Items Purpose 

Writing 

competence 

30 Identify the attributes of LOs 

embedded in eXe Learning to 

promote writing competence 

in virtual environments. 
Digital 

Learning 

Objects 

30 

 

Table 1 Model analysis 

Source: Own elaboration 

 

Finding 

 

In the following lines, the results are interpreted 

based on the previous analysis model. 

 

Regarding the first variable (writing), 

different attributes were found and grouped into 

two dimensions: written production attributes 

and technology-mediated strategies to trigger 

virtual writing. 

 

 
 

Graphic 1 Attributes of written production in virtuality 

Source: Own elaboration 

 

The findings describe written production 

as a coherent and cohesive discourse (56%), 

including critical (24%) and reflective (12%) 

thinking. In addition, students point out the 

implementation of interpersonal skills (8%) for 

constructing texts in eXe Learning, such as a 

positive attitude towards writing, asynchronous 

communication to clarify doubts, and 

collaborative work. 
 

 
 

Graphic 2 Strategies mediated by technology to detonate 

writing competence in virtuality 

Source: Own elaboration 

 

Undoubtedly, writing competence 

demands a process of construction and 

deconstruction of knowledge through which 

students provide meaning and organization to 

their experiences and ideas in virtual 

environments. These processes need 

technology-mediated strategies to enable the 

selection and transformation of information, 

building hypotheses, and making decisions until 

editing the final version of a written text. At this 

stage, subjects perceive planning strategies to 

delimit the topic, the audience, and the purpose 

of their writing (21%) and textualization 

strategies (30%) to capture semantic 

relationships according to the genre of the text 

and lexical, morphological, and orthographic use 

regarding the audience. 
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In addition, revision strategies (24%) 

based on Grammarly and Turnitin lead to an 

innovative and more comfortable way for 

students to develop writing. The first one helps 

them correct their text at a grammatical, spelling, 

and punctuation level. The second guides them 

to create original and authentic texts, pointing 

out plagiarism or the degree of coincidence that 

their document shows. 

 

Finally, editing strategies guide the final 

writing presentation (25%). In this phase, the 

process was individual or collaborative because 

first, students edit their final version with 

applications such as reedsy, typorama, and 

createmybooks to provide the ideal formats for 

presenting texts as books with minimal editing 

features, providing them with a prototype model 

for the final version of their writing.  

 

In the second, the learning object 

privileges collaborative work through the 

academic wiki, where they create, modify or edit 

content interactively with the celtx cards. 

 

Concerning variable 2: learning objects 

in eXe Learning, there are two essential 

attributes: characteristics of the LOs and their 

benefits for developing writing in said space. 
 

 
 

Graphic 3 Characteristics of LOs in eXe Learning to 

develop writing competence online 

Source: Own elaboration 

 

Based on the results, the students 

describe the learning objects of eXe Learning as 

digital formats that present content (17%), 

learning activities for the practice of writing 

competence (45%), and contextualization 

elements (38 %). In the first characteristic, they 

positively typify the contents of the LOs to 

trigger written production due to their flexibility, 

accessibility, and impact as mediators for 

individual or collaborative tasks. The second 

attribute refers to generativity, which enhances 

content building through collaboration, fostering 

discourses of various genres.  

The third (contextualization) contributes 

to the development of activities according to the 

learning objective, which is easily located and 

reused in other educational contexts to generate 

knowledge. Also, they perceive the LOs as a 

means of motivation and confidence to 

communicate and increase the percentage of 

activities. 
 

 
 

Graphic 4 Benefits of LOs to develop writing competence 

in virtuality 

Source: Own elaboration 

 

In this graph, the outcomes indicate that 

LOs are outstanding resources due to their high 

potential to promote writing and socio-affective 

competencies, fundamental axes of the teaching-

learning process. Students represent them as 

generators of social relationships (15%) that 

give a sense of belonging to a virtual community 

(12%), developing collaborative roles (33%) 

during the interaction, namely: pedagogical, 

social, administrative, and technical.  

 

In addition to the above, its conception as 

a precursor of change in teaching and learning 

methodologies stands out (40%). It implies that 

they recognize them as innovative and plausible 

means of learning in virtual environments, 

which privilege how students relate to 

knowledge and interact with teachers during 

their educational process. 

 

Discussions  

 

The results lie in the positive characterization of 

the LOs from eXe Learning, being a mediating 

tool for the appropriate development of writing 

competence in virtual settings. In this regard, 

some studies coincide with the findings found. 

For example, in this study, written production is 

characterized by its coherence, cohesion, critical 

and reflective thinking, and the implementation 

of interpersonal skills through asynchronous 

communication, as seen in the work of 

Llumiquinga (2020).  
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Indeed, they point out that the design and 

application of the LOs and the development of 

their linguistic skills in the construction of texts 

occur through digital tools that optimize 

coherence and individual or collective textual 

cohesion. 

 

Regarding the dimension of strategies 

mediated by technology to trigger written 

production, Barahona (2020) highlights 

strategies to enable writing: planning, 

textualization, and revision.  

 

In the study, the participants describe a 

fourth strategy (editing), an element of the 

revision strategy. However, in the design of the 

LOs in eXe learning, the writing stages are 

divided into four sections, accompanied by 

digital tools to potentiate the said process with 

specific attributes (see Graph 3). In this regard, 

the results emphasize the characteristics 

indicated by Samboy (2018): pedagogical, 

attitudinal, and procedural contents and skills 

triggered through digital and contextualized 

activities. 

 

About their benefits to promoting written 

production, the attributes found coincide with 

the studies by Pérez (2009) and Salgado (2015), 

which point out the social relation component as 

essential for collaborative work and virtual 

community belonging. Finally, the most 

representative advantage of this dimension is the 

conception of an innovative teaching 

methodology for constructing knowledge. 

 

It is necessary to highlight the theoretical 

contribution of the study to identify fundamental 

principles to teach writing thanks to the 

characterization of the LOs embedded in eXe 

Learning as mediating tools in writing activities. 

Based on these, teachers can make decisions in 

looking for appropriate teaching practices in 

virtual environments, a demand of current 

education in the face of emerging remote 

teaching. 

 

The study has some limitations as the 

number of the sample and its cohort, which is 

cross-sectional. In the case of sampling, a group 

with more students would allow results with 

greater breadth and generalization. Moreover, a 

longitudinal study would describe the LOs in 

greater detail. 

 

 

 

Finally, future research from this study is 

LOs as generators of socio-affective skills, 

knowledge communities generated from LOs, 

and active learning methodologies mediated by 

LOs in eXe learning, among others. 

 

Conclusions 

 

In general, the results of the study show that LOs 

in eXe Learning have a positive impact on 

writing competence since they generate 

enriching and stimulating learning experiences, 

allowing the identification of both the attributes 

of writing competence and the strategies based 

on technological tools that serve as mediators in 

the construction of written texts in a foreign 

language. The most outstanding were textual 

coherence and cohesion, critical and reflective 

thinking, interpersonal skills, textualization, 

planning, review, editing strategies, and the 

socio-affective component of the LOs, favoring 

collaborative work, social relationships, and a 

sense of belonging. All of the above constitutes 

a new teaching and learning methodology 

conceived as suitable for the students.  

 

In conclusion, through the students' 

perceptions about the characteristics and the use 

of the LOs in eXe Learning, it was possible to 

identify the attributes and strategies to promote 

writing competencies and referents of teaching 

in virtual environments. 

 

References 

 

Aller, T. (2019). Evolución de los Materiales 

Didácticos en la Enseñanza de una Lengua 

Extranjera: La Conversión del Profesor 

Analógico al Docente Digital. EduSer: Revista 

de Educação, 11(2), 31–49. Retrieved from: 

https://doi.org/10.34620/eduser.v11i2.131 

 

Area, M., Hernández, V., y Sosa, J. (2016). 

Modelos de integración didáctica de las TIC en 

el aula. Comunicar: Revista Científica 

Iberoamericana de Comunicación y Educación, 

47(XXIV), 79– 87. Retrieved from:  

https://www.revistacomunicar.com/index.php?c

ontenido=detalles&numero=47&articulo =47-

2016-08  

 

Barahona, A. (2020). El desarrollo de la 

expresión escrita en inglés a través del entorno 

virtual de aprendizaje. En REDINE (Coord.), 

Contribuciones de la tecnología digital en el 

desarrollo educativo y social. (pp. 1-11). 

Eindhoven, NL: Adaya Press.  

https://doi.org/10.34620/eduser.v11i2.131
https://doi.org/10.34620/eduser.v11i2.131
https://doi.org/10.34620/eduser.v11i2.131


FLORES-GONZÁLEZ, Norma, FLORES-GONZÁLEZ, 

Efigenia, ZAMORA-HERNÁNDEZ, Mónica and CASTELÁN-

FLORES, Vianey. Developing the writing competence in 

virtuality through eXe Learning. Journal of Computational 

Systems and ICTs. 2022 

ISSN-2444-5002 

ECORFAN® All rights reserved. 

12 

Article                                                                    Journal of Computational Systems and ICTs 
  December 2022, Vol.8 No.22 6-14 

 

 

Becerra, M., Hernández, F. y Valdez, S. (2015). 

Aprendizaje móvil a través del uso del 

WhatsApp como estrategia didáctica para la 

práctica de las habilidades de escuchar y hablar 

en la clase de inglés. Educación y Tecnología 

Desde Una Visión Transformación: 1–10. 

Retrieved from: 

http://www.edutec.es/sites/default/files/congres

os/edutec15/Articulos/CTI-

Ciencia_Tecnologia_e_Innovacion/mbecerra_a

prendizaje_movil_whatsapp_estrategia.pdf 

 

Bigi, E., García, M. y Chacón, E. (2017). 

Estrategias de enseñanza: análisis relacionado 

con la producción escrita en la universidad. 

Educ@ción en Contexto, 3(6) 14-45.  

 

Cedeño, E. (2019). Entornos virtuales de 

aprendizaje y su rol innovador en el proceso de 

enseñanza. ReHuSo: Revista de Ciencias 

Humanísticas y Sociales, 4 (1), 119-127. 

Retrieved from:  

https://dialnet.unirioja.es/servlet/articulo?codig

o=7047143  

 

Chiape A. (2009). Acerca de lo pedagógico en 

los Objetos de Aprendizaje-Reflexiones 

conceptuales hacia la construcción de su 

estructura teórica. Estudios Pedagógicos, 

35(1):261-272. Retrieved from: 

http://dx.doi.org/10.4067/S0718-

07052009000100016  

 

Colás, M. P., De Pablos, J., y Ballesta, J. (2018). 

Incidencia de las TIC en la enseñanza en el 

sistema educativo español: una revisión de la 

investigación. [The Impact of ICT on Teaching 

in the Spanish Education System: A Literature 

Review]. RED. Revista de Educación a 

Distancia, (56), 1–23. Retrieved from:  

https://doi.org/http://dx.doi.org/10.6018/red/56/

2 

 

Contreras, A. y Garcés, L. (2019). Ambientes 

Virtuales de Aprendizaje. Dificultades de uso en 

los estudiantes de cuarto grado de Primaria. 

Prospectiva: Revista de Trabajo Social e 

Intervención Social, 7(27), 215-240. Retrieved 

from: 

http://revistaprospectiva.univalle.edu.co/index.p

hp/prospectiva/article/view/7273/9783 

 

 

 

 

 

 

Cruz, A., Alfaro, J. y Ramírez, M. (2012). 

Objeto de aprendizaje abierto para la formación 

docente orientado a desarrollar competencias de 

pensamiento crítico con énfasis en habilidades 

cognitivas. RIED. Revista Iberoamericana de 

Educación a Distancia, 15 (1),103-125. 

Retrieved from: 

https://www.redalyc.org/pdf/3314/3314273440

06.pdf 

 

Cuadrado, M. (2015). El desarrollo de las 

competencias tic en los contextos formativos: 

entrenamiento para la integración social. 

(cap.16) en Gallego G., Álvarez M., Rosanigo, 

Z.B. y Cela K. (Coordinadores) TIC y Web 2.0 

para la inclusión social y el desarrollo sostenible. 

Madrid Ed. Dykinson S.L. Retrieved from:  

https://dialnet.unirioja.es/servlet/articulo?codig

o=7866938 

 

Díaz, F. y Castro, A. (2017). Requerimientos 

pedagógicos para un ambiente virtual de 

aprendizaje. OFIN. (1). 1-13  Retrieved from: 

http://scielo.sld.cu/pdf/cofin/v11n1/cofin04117.

pdf 

 

Espinoza, E. E., Jaramillo, M., Josselyn, C., y 

Pambi, R. (2018). La implementación de las TIC 

en el proceso de enseñanza-aprendizaje. Revista 

Metropolitana de Ciencias Aplicadas, 1(3), 10– 

17. Retrieved from:  

https://doi.org/10.19044/esj.2017.v13n34p269 

 

Feria-Marrugo, I. M., y Zúñiga López, K. S. 

(2016). Objetos virtuales de aprendizaje y el 

desarrollo de aprendizaje autónomo en el área de 

Inglés. Praxis, 12(1), 63–77. Retrieved from:  

https://doi.org/10.21676/23897856.1848 

 

Flores-González, N., Flores-González, E. (2021) 

Interactive infographics as a digital tool for the 

appropiation of concepts. Journal Practical 

Didactics. 5 (14) 10-18. Retrieved from:  

https://doi.org/10.35429/JPD.2021.14.5.10.18 

 

García, M. (2015). Diseño de un Objeto de 

Aprendizaje como recurso para la innovación en 

la Educación a Distancia. Aplicación en el 

Centro Específico de Educación a Distancia de 

la Comunitat Valenciana (CEEDCV).[Tesis de 

Maestría, Universidad Oberta de Catalunya]. 

Retrieved from:  Diseño de un objeto de 

aprendizaje como recurso para la innovación en 

la educación a distancia (uoc.edu) 

 

 

 

https://doi.org/10.34620/eduser.v11i2.131
https://doi.org/10.34620/eduser.v11i2.131
https://doi.org/10.34620/eduser.v11i2.131
https://dialnet.unirioja.es/servlet/articulo?codigo=7047143
https://dialnet.unirioja.es/servlet/articulo?codigo=7047143
https://dialnet.unirioja.es/servlet/articulo?codigo=7047143
https://dialnet.unirioja.es/servlet/articulo?codigo=7047143
https://doi.org/10.34620/eduser.v11i2.131
https://doi.org/http:/dx.doi.org/10.6018/red/56/2
https://doi.org/http:/dx.doi.org/10.6018/red/56/2
https://doi.org/http:/dx.doi.org/10.6018/red/56/2
https://doi.org/http:/dx.doi.org/10.6018/red/56/2
https://doi.org/10.34620/eduser.v11i2.131
https://doi.org/10.34620/eduser.v11i2.131
http://revistaprospectiva.univalle.edu.co/index.php/prospectiva/article/view/7273/9783
http://revistaprospectiva.univalle.edu.co/index.php/prospectiva/article/view/7273/9783
https://www.redalyc.org/pdf/3314/331427344006.pdf
https://www.redalyc.org/pdf/3314/331427344006.pdf
https://doi.org/10.34620/eduser.v11i2.131
https://dialnet.unirioja.es/servlet/articulo?codigo=7866938
https://dialnet.unirioja.es/servlet/articulo?codigo=7866938
https://dialnet.unirioja.es/servlet/articulo?codigo=7866938
https://dialnet.unirioja.es/servlet/articulo?codigo=7866938
http://scielo.sld.cu/pdf/cofin/v11n1/cofin04117.pdf
http://scielo.sld.cu/pdf/cofin/v11n1/cofin04117.pdf
http://scielo.sld.cu/pdf/cofin/v11n1/cofin04117.pdf
https://doi.org/10.34620/eduser.v11i2.131
https://doi.org/10.19044/esj.2017.v13n34p269
https://doi.org/10.19044/esj.2017.v13n34p269
https://doi.org/10.19044/esj.2017.v13n34p269
https://doi.org/10.34620/eduser.v11i2.131
https://doi.org/10.21676/23897856.1848
https://doi.org/10.21676/23897856.1848
https://doi.org/10.21676/23897856.1848
https://doi.org/10.34620/eduser.v11i2.131
https://doi.org/10.35429/JPD.2021.14.5.10.18
http://openaccess.uoc.edu/webapps/o2/bitstream/10609/39745/8/garsanm2TFM0115memoria.pdf
http://openaccess.uoc.edu/webapps/o2/bitstream/10609/39745/8/garsanm2TFM0115memoria.pdf
http://openaccess.uoc.edu/webapps/o2/bitstream/10609/39745/8/garsanm2TFM0115memoria.pdf
http://openaccess.uoc.edu/webapps/o2/bitstream/10609/39745/8/garsanm2TFM0115memoria.pdf


FLORES-GONZÁLEZ, Norma, FLORES-GONZÁLEZ, 

Efigenia, ZAMORA-HERNÁNDEZ, Mónica and CASTELÁN-

FLORES, Vianey. Developing the writing competence in 

virtuality through eXe Learning. Journal of Computational 

Systems and ICTs. 2022 

ISSN-2444-5002 

ECORFAN® All rights reserved. 

13 

Article                                                                    Journal of Computational Systems and ICTs 
  December 2022, Vol.8 No.22 6-14 

 

 

González, M., Becerra, J., Olmos, J. (2018). 

Promoción de la autogestión a través de objetos 

de aprendizaje adaptativos en alumnos de 

educación superior. Edutec. Revista Electrónica 

De Tecnología Educativa, (63), 15-28. 

Retrieved from:  

https://doi.org/10.21556/edutec.2018.63.1037  

 

Hernández-Sampieri, R., y Mendoza, E.P. 

(2018). Metodología de la investigación: Rutas 

cuantitativa, cualitativa y mixta Primera Ed. 

McGraw Hill: Ciudad de México.  

 

Hockly, N. (2016). Focus on Learning 

Technologies. Oxford. UK: Oxford University 

Press. Retrieved from:  

https://elt.oup.com/catalogue/items/global/teach

er_development/oxford_key_concepts_for_the_

language_classroom/9780194003117?cc=mx&

selLanguage=en 

 

Karsenti, T., Collin, S., y Harper-Merrett, T. 
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Abstract 

 

The proposal presented here consists of the design of a U-

Net type CNN for semantic segmentation of sugarcane 

crops. The objective of the project is that from an 

orthomosaic generated by photographs from unmanned 

aerial vehicles (UAV), it is possible to recognize only the 

pixels that belong to the crop of the rest of the orthophoto. 

This approach trains the classifier to label the pixels of the 

image in a binary way, being the value 1 those that identify 

the cane and 0 for everything else. 

 

 

 

CNN, Semantic segmentation, VANT, U-Net 

Resumen 

 

La propuesta aquí expuesta consiste en el diseño de una 

Red Neuronal Convolucional (CNN) de tipo U-Net para 

segmentación semántica de cultivos de caña de azúcar. El 

objetivo del proyecto radica en que a partir de un 

ortomosaico generado por fotografías provenientes de 

vehículos aéreos no tripulados (VANT), sea posible 

reconocer solo los pixeles que pertenecen al cultivo del 

resto de la ortofoto. Este enfoque, entrena al clasificador 

para etiquetar de manera binaria los píxeles de la imagen, 

siendo el valor 1 aquellos que identifican la caña y el 0 

para todo lo demás. 
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Introdution 

 

Remote sensing in the field of agriculture has 

allowed the development of technological 

solutions that provide information for making 

sustainable and sustainable decisions (Diez, n. 

d.). Tasks such as crop monitoring to estimate 

production or planting quality conditions are 

important for those who manage the field, 

leading to better use of resources to meet the 

growing food demands (Niazmardi et al., 2013).   

 

One of the most widely used applications 

of remote sensing today is crop classification, 

through which those areas of interest are 

identified to be more accurately addressed (Gu 

et al., 2019). The platforms used for imaging in 

agriculture are satellites and unmanned aerial 

vehicles known as drones (Anilkumar & 

Venugopal, 2022). The latter with promising 

results due to the high resolution of the sensors, 

relatively easy operation, in addition, no time 

constraints for obtaining the galleries (Ghazal et 

al., 2019). 

 

Numerous methods have been used for 

land cover classification in remotely sensed 

images, to mention a few are: Random Forest, 

Supported Vector Machine (SVM), K-Nearest 

Neighbor, Maximum Likelihood, Minum 

Distance, among others (Huang et al., 2019). 

However, these algorithms have been replaced 

by Deep Learning techniques, which have been 

successfully used in agriculture-related tasks 

(Anand et al., 2021). 

 

As a Deep Learning technique, 

convolutional neural networks (CNN) are 

composed of different layers of neurons, which 

aim to learn from features extracted from the 

input data, patterns that allow classifying the 

data into classes. This process takes place in 

layers that encode and decode spatial 

information until they create classifiers accurate 

enough to classify each pixel of the image (Baeta 

et al., 2017). CNNs have been widely studied for 

processing remotely sensed images, which 

contain spectral information from different 

bands of the electromagnetic spectrum. Some of 

the problems that arise in this approach are the 

relatively large amount of images to have as a 

training set, in addition to the difference in 

resolutions between them considering that a 

large image is computationally more 

complicated to process, among others (Ding & 

Bruzzone, 2019). 

 

To deal with some of these problems it is 

possible to propose a CNN dedicated to semantic 

segmentation, which have achieved from not so 

numerous training sets higher accuracy levels 

than some conventional machine learning 

methods, optimizing the procedures to extract 

features from the analyzed data (Wang et al., 

2020). 

 

One of the CNN network models with 

the ability to identify various classes of objects, 

e.g., vegetation, from a crop image is the U-Net 

design. This model uses an encoding and a 

decoding branch integrated with convolution 

and pooling operations, for semantic 

segmentation processes (Das & Bais, 2021). 

 

The semantic segmentation process 

consists of labeling each pixel of the image, so 

that it is possible to distinguish to which class it 

belongs. One of the advantages of this approach 

is the detection of features in the images through 

contextual information that distinguish the 

objects (Ramirez et al., 2020). 

 

The proposal presented here consists of 

the design of a U-Net type CNN for semantic 

segmentation of sugarcane crops. The objective 

of the project is that from an orthomosaic 

generated by photographs from unmanned aerial 

vehicles (UAV), it is possible to recognize only 

the pixels that belong to the crop from the rest of 

the orthophoto. This approach trains the 

classifier to binary label the pixels of the image, 

with a value of 1 for those that identify the cane 

and 0 for everything else. 

 

The project shows the configuration of 

the network parameters that were used to 

generate different models and determine the 

degree of performance in binary classification. 

Additionally, software modules were developed 

for the complete orthoimage processing up to the 

segmentation of the orthoimage, as shown in 

Figure 1. 
 

 
 

Figure 1 General scheme 

Source: Own elaboration 
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Background 

 

The use of UAVs as a remote sensing platform 

for image analysis in agriculture has been widely 

accepted and increasingly in demand due to the 

high resolution of their sensors and therefore, the 

fidelity of the information captured. For its 

study, semantic segmentation is considered one 

of the most efficient methods for feature 

extraction and classification power at the pixel 

level. Network designs composed of encoders 

and decoders are tested to improve their 

capability, for example, with the inclusion of an 

ISegNET network (Ling et al., 2022). 

 

Having automated tools to help 

determine crop production rates is an important 

task when securing a plot. UAV imagery and 

deep learning methods allow these estimates to 

be achieved through semantic segmentation. 

There are several network designs for this 

purpose among which we can mention: U-Net, 

AlexNet, SegNet which compared to machine 

learning methods such as maximum likelihood 

method presents lower misinterpretation rate 

(Yang et al., 2020) . 

 

The applications of semantic 

segmentation in crop management are varied, it 

is possible to determine a damaged area of a crop 

by analyzing RGB images captured by a UAV. 

The structure of the U-Net network can be 

improved using a ResNet model with highly 

reliable results (Liu et al., 2021). 

 

Methodology  

 

The present project proposes a process 

consisting of two general stages: training the 

classifier and testing the semantic segmentation 

model. The result of this study is the 

construction of a technological tool that from an 

orthomosaic uniquely identifies the sugarcane 

crop, as shown in Figure 2. 

 
 

Figure 2 Semantic segmentation process 

Source: Own elaboration 

  

Precision agriculture has set a precedent 

in farm management, which through information 

technology proposes smart farm models. 

Information then has become a valuable asset for 

producers, allowing to monitor crops to make 

sustainable and sustainable decisions (O'Grady 

& O'Hare, 2017). 

 

The DataSet 

 

Unmanned aerial vehicles better known as 

drones have demonstrated their have great 

potential for the development of agriculture, 

given their ability to obtain images of crops 

through specialized sensors that provide 

information about the condition of the crop 

(Tripicchio , Satler , Dabisias, Ruffald, & 

Avizzano, 2015). In order to execute a 

photogrammetric flight with the intention of 

studying land cover, several factors must be 

considered such as: lighting conditions, 

temperature, the height at which the drone will 

fly, speed, overlapping and camera angle.  

 

Additionally, it is necessary to keep the 

equipment calibrated and in optimal conditions 

to avoid a risk of collision and causing damage 

to third parties (Lyu , Vosselman , Xia , & Yilm, 

2020). 
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The image galleries are processed by 

specialized software whose task is to generate 

orthomosaics in the RGB and multispectral 

bands (Olsson, et al., 2021). The spatial 

resolution (GSD, ground sample distance) 

largely determines whether the identification 

and therefore the extraction of image features is 

effective, therefore, methods that improve this 

aspect are implemented (Lee, Son, & Kim, 

2022). It is possible to generate synthetic input 

data for the network training phase. In this case, 

a multivariate linear regression model was 

designed for the creation of an orthoimage with 

reflectance values in the blue band of the 

electromagnetic spectrum (Li, Hua, & Lu, 

2021).  

 

The input data must be suitable for 

processing by the classifier, i.e., it must be 

computationally feasible to create the model. 

The dimensions of the input images directly 

influence the amount of operations the network 

performs therefore the orthomosaics are divided 

into 256x256 px subimages thus integrating a 

dataset with sufficient number of elements for 

training (Ling et al., 2022). The Near-Infrared 

(NIR) dataset allows the creation of the binary 

images used in the training phase as the desired 

output. Since high NIR values are related to the 

presence of vegetation and inversely to the 

absence of vegetation a thresholding method is 

used to label with value 1 to the crop and 0 to 

everything else (Gao, Xiao, & Jia, 2020). 

 

Network design 

 

Since it is desired to analyze pixel by pixel of an 

image to be classified into the 'crop' class or the 

'non-crop' class, it is proposed to use a 

convolutional neural network for its ability to 

extract spectral features in greater detail. The 

specific CNN for this semantic segmentation 

task is the U-net model, as seen in Figure 3. 

 

 
 

Figure 3 Traditional U-Net structure 

Source: (Su et al., 2021) 

 

For the training phase of the network, the 

inputs are composed of 3-channel images: Red, 

Green, Blue and NIR. The outputs are binary 

images which represent with the value 1 to the 

class 'crop' and 0 to the class 'no crop' (Su et al., 

2021). The network parameters are important to 

obtain results with a higher degree of accuracy 

and lower error cost. The number of images to 

be used, the batch size and number of epochs 

directly affect the overfitting effect, for example. 

Other elements to be taken into account to adjust 

the model results are the learning rate and the 

use of a regularization method such as Dropout 

(Alzubaidi et al., 2021). 

 

Model testing 

 

After performing the training tests and 

generating the model with the highest level of 

accuracy in the semantic segmentation of the 

sugarcane crop, it must be tested in a real 

environment. For this purpose, a software 

application is built using Python to process a 

new orthomosaic not used in the neural network 

training process. The stages of the application 

are as follows: 

 

- Input images come from orthomosaics in 

the Red, Green, Blue and NIR bands. 

 

- Cropping of orthomosaics into 256x256 

px subimages, as these are the dimensions 

expected by the model. 

 

- Each image is loaded into system memory 

to be processed by the model. The result is 

a matrix of probability values, those 

greater than 65% are considered as pixels 

of the crop class to create the binary image. 

 

- The binary images are assembled again 

respecting the original position to thus, 

integrate a new binary orthomosaic 

showing only the sugarcane crop pixels. 

 

Results 

 

Training images (DataSet) 

 

The set of images for training (DataSet) was 

constructed by aerial photogrammetry using a 

drone model DJI Matrice 600 Pro with a flight 

autonomy of 23 minutes with batteries charged 

to 100%, see figure 4.  
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The sugar cane crop studied belongs to 

the ranch "La Aurora" located in the 

municipality of Ciudad Valles, S.L.P, Mexico 

with an area of 23 hectares. The multispectral 

sensor is a Sequoia camera with 5 lenses: red 

(Red), green (Green), near red (NIR), red edge 

(RedEdge) and RGB, which was installed on the 

drone, in addition to the light sensor and a 

separate battery. 
 

 
 

Figure 4 DJI Matrice 600 Pro multirotor equipment 

Source: Own elaboration 

 

For the processing of the gallery of 

images acquired by the UAV, several steps were 

performed: 

 

- Integration of the orthomosaics of the 

RGB, Red, Green, NIR and Red Edge 

bands with Pix4D Mapper software. 

 

- Improvement of the resolution of the 

multispectral orthophotos, that is, 

decreasing the GSD (ground sample 

distance) value to approximately 2, for 

which QGIS software interpolation 

algorithms were applied. 

 

- A multivariate linear regression model 

was designed in Python to generate 

synthetic data for the blue band from the 

RGB orthomosaic. 

 

- The segmentation method used to generate 

the expected model output, was 

thresholding by Otsu, such that, from a 

threshold value, pixels representing 

sugarcane crop are differentiated from 

those that are not. 

 

 

 

 

 

 

 

- Since the images are too large in number 

of pixels to be processed by a supervised 

classifier such as a neural network, we 

proceeded to generate 256x256 pixel sub-

images of each of the orthophotos. The 

final DataSet was integrated by 7650 

images of each Red, Green, Blue, NIR 

band and the binary images, see figure 5. 
 

 
 

Figure 5 Binary image, blue, green, near red and red 

256x256 px 

Source: Own elaboration 

 

Network design 

 

The network design corresponded to a 

traditional U-Net type architecture. It was 

integrated in two parts; a descending part using 

convolution operations by means of a 3x3 

kernel, stride 1 and paddin same and RELU as 

activation function, in addition to performing 

maxpooling to extract the semantic 

characteristics of the parts of the image, in this 

phase the resolution is reduced. The second 

ascending part has the purpose of increasing the 

resolution of the image resulting from the 

previous process, for which transposed 

convolution operations were performed with 

concatenations of processed layers from the 

descending phase of the same level. The network 

ends with an output layer with a 1x1 convolution 

operation and a sigmoid activation function, 

since the aim is to obtain a binary image as 

output. The implementation of the model using 

keras tensorflow resulted in the parameters 

shown in Figure 6. 
 

 
 

Figure 6 Number of network parameters 

Source: Own elaboration 
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The backpropagation method that allows 

updating the network weights was Adam as 

stochastic gradient descent optimization 

algorithm, the cost or loss function 

binary_crossentropy and the metrics used to 

monitor the training process are the accuracy and 

error rates. Two models with different 

configurations in the parameters of number of 

epochs and learning rate were performed. The 

figure below shows that the second model 

presented the highest accuracy value with 97% 

of the pixels correctly classified as sugarcane 

crop. 
 

 
 

Figure 7 Configuration of network parameters 

Source: Own elaboration 

 

To quantify the effectiveness of each 

model designed, a confusion matrix was used 

and the accuracy factor was calculated. Figure 8 

shows an example of how the model classifies a 

crop image from the test image set. 
 

 
 

Figure 8 Segmentation result. Right, segmentation of the 

model. Left, pattern 

Source: Own elaboration 

 

Model testing 

 

The final test of the generated semantic 

segmentation model consisted of processing all 

the images of the RGB + NIR DataSet, i.e. 7650 

entries by 4 bands, this time the binary test 

images are no longer necessary. Once 

segmented, they are integrated into a single 

matrix to form the orthoimage of the sugarcane 

crop in binary format, as shown in Figure 9.   

 

 
 

Figure 9 Segmented orthoimage 

Source: Own elaboration 

 

Conclusions 

 

The semantic segmentation commonly used in 

satellite images for land cover classification is 

used in this project on orthoimages generated by 

photogrammetric flights using drones. 

 

The U-Net architecture convolutional 

neural network was successfully implemented as 

a binary classifier, in other words, it assigned a 

value of 1 to those pixels that are part of the 

sugarcane crop and a value of 0 to the rest of 

them.  

 

The configuration of the network 

parameters has an important role in the control 

of overtraining, being the number of epochs and 

the learning rate two of the most influential in 

the design of the model. 

 

From this application, a binary mask is 

obtained that can be used to extract only the crop 

values from, for example, an index map or to 

evaluate more accurately the production index. 
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Abstract 

 

The article presents the modeling of a system for the 

management of indicators during the farming of Stirling 

tilapia (Oreochromis niloticus Stirling) based on business 

intelligence, supporting decision making to improve 

production efficiency. Typically, tilapia production is 

based on three stages: breeding, rearing, and farming, 

where a significant volume of data is recorded. A Stirling 

Tilapia farm in Manzanillo, Colima, Mexico is analyzed. 

This farm has C-TRA, a Web system that stores data based 

on the ISO 12877:2011 standard. However, there is a lack 

of tools to analyze the records. As a proposed solution, an 

extraction, transformation and loading (ETL) process is 

used on the original database, a data warehouse model is 

generated with a star-shaped schema, considering a table 

of facts and six dimensions, where physicochemical 

parameters, the amount of feed supplied, and medications 

are related. In addition, the use of statistical methods Data 

Envelopment Analysis (DEA) and bootstrap is expressed, 

in order to obtain the productive efficiency indicators. This 

design exposes an incremental product innovation in the 

technological area of the aquaculture sector, and its 

integration to a data management system, facilitating the 

study and decision making. 

 

 

 

 

Aquaculture, Business intelligence, Data warehouse, 

Information systems 

Resumen 

 

El articulo presenta el modelado de un sistema para la 

gestión de indicadores durante el cultivo de la tilapia 

Stirling (Oreochromis niloticus Stirling) basado en la 

inteligencia de negocios, apoyando la toma de decisiones 

para mejorar la eficiencia productiva. Normalmente, la 

producción de tilapia se basa en tres etapas: reproducción, 

hormonización y cultivo, donde se registra un volumen 

importante datos. Se analiza una granja productora de 

Tilapia Stirling en Manzanillo, Colima, México. Esta 

granja cuenta con C-TRA, un sistema Web que almacena 

datos basado en la norma ISO 12877:2011. No obstante, 

se carece de herramientas que analicen los registros. Como 

propuesta de solución, se emplea un proceso de 

extracción, transformación y carga (ETL) sobre la base de 

datos original, se genera un modelo de almacén de datos 

con un esquema en forma de estrella, considerando una 

tabla de hechos y seis dimensiones, donde se relacionan 

parámetros fisicoquímicos, la cantidad de alimento 

suministrado, y los medicamentos. Además, se expresa el 

uso de los métodos estadísticos: Análisis Envolvente de 

Datos (DEA) y bootstrap, con el fin de obtener los 

indicadores de eficiencia productiva. Este diseño expone 

una innovación incremental de producto en el área 

tecnológica del sector acuícola, y su integración a un 

sistema de gestión de datos, facilitando el estudio y toma 

de decisiones.  

 

Acuicultura, Almacén de datos, Inteligencia de 

negocios, Sistemas de información
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Introdution 

 

Aquaculture is the farming of aquatic organisms 

in both coastal and inland areas, involving 

interventions in the rearing process to increase 

production (FAO, 2019). In Mexico, since 1923, 

aquaculture has been defined as the use of waters 

and rivers for the breeding and reproduction of 

animals for own consumption. In addition, since 

the 80s, aquaculture production began to focus 

on commerce, placing itself in the primary sector 

as the most developed food producer (INAES, 

2018). 

 

Due to its importance, global aquaculture 

productivity has increased since the late 90s, 

with an approximately production of 10 million 

tons annually, conversely, in 2018 was produced 

around 114.5 million tons (FAO, 2020).  

 

Meanwhile, in Mexico, aquaculture 

production increased considerably from 2010, 

where approximately 10 thousand tons were 

generated, maintaining a stable volume of 54 

thousand tons per year between 2014 and 2018. 

In 2018, Chiapas was the largest producer in the 

country, where about 25 thousand tons were 

reported, followed by Jalisco, Veracruz, and 

Tabasco. On the other hand, Colima ranked 17th 

in Mexico, contributing 329 tons of tilapia, 0.62 

percent of national production (CONAPESCA, 

2021). 

 

Among the factors for the increase in 

aquaculture production, can be mentioned the 

use of diverse and innovative technologies that 

have an impact on the optimization of processes, 

the reduction of water consumption and the 

search for a lower use of certain inputs (Ipac, 

2021). 

 

Likewise, the use of statistical and 

administrative techniques makes it possible to 

generate a projection of current and historical 

data, providing performance references and 

productive trends, with the purpose of 

supporting preventive or corrective actions. 

Therefore, a useful tool is Business Intelligence 

(BI), a process of collecting, storing, and 

analyzing business operations data, which 

provides comprehensive metrics, almost in real 

time. Furthermore, it helps to act appropriately, 

based on a combination of business analytics, 

data mining, data visualization, data tools and 

infrastructure, and best practices to help 

organizations support data-driven decisions 

(Azeem, 2016). 

There are cases in the primary sector 

where technologies like business intelligence are 

implemented to manage resources, for instance, 

AgtechApps, a company that uses a modular 

system that allows farmers to have digital 

control of data related to nutrition and inventory. 

With the data obtained, information, reports, and 

graphs can be generated automatically. 

Additionally, the system is easy to integrate and 

information is constantly available to be sent 

(Visualnacert, 2021). 

 

Another case is Visualnacert, which 

implements multiple technologies for crop 

management and control. The corporation 

mentions that they have the "VISUAL Gestión 

Agronómica" tool, which is focused on 

monitoring pests, diseases, and treatment 

management (Agtechapps, 2021). 

 

Case study 

 

The Granja Acuícola de Occidente, located in 

the town of San Buenaventura, in Manzanillo, 

Colima, Mexico, the subject of this applied 

research, is dedicated to the reproduction, 

hormone treatment and cultivation of Stirling 

tilapia. This farm uses one or more ponds to raise 

tilapia fingerlings, and it takes up to seven 

months to reach the ideal size; some of the 

determinants for this growth are the water 

parameters, climate, frequency and amount of 

food, and even stressful situations for the 

species. 

 

The farm's producer possesses a 

technology called C-TRA, a web system where 

the values associated with each production 

process, such as consumption of inputs, 

measurement of water quality parameters in 

ponds, product sales, among others, are recorded 

(Lerdo, 2021). 

 

Despite this system, different problems 

occur during tilapia culture, expressively, low 

growth, decrease or increase of consumed feed, 

even diseases. Also, there is a lack of 

computational tools to process and exploit the 

recorded data, to give a possible basis for 

adversities and address them, or to corroborate 

good farming practices. Therefore, decision 

making is based mainly on the experience of the 

workers, causing inaccuracy in the causes of the 

events. 
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Additionally, productive efficiency is 

mostly calculated by applying a direct rule of 

three, where an approximate amount of 

fingerlings planted is related to the amount of 

species harvested, showing the lack of a 

continuous improvement process. 

 

Literature review 

 

There are multiple ways to perform an analysis 

using BI, for example, creating a model through 

all its stages, or using available software. 

 

In the thesis work elaborated by 

(Michele, 2022), is presented the development 

of a quotation system for a real estate company 

using artificial intelligence and business 

intelligence. It is mentioned that the system is 

developed using the frontend tools none.js, 

vue.js, chart.js, making HTTP requests to an 

API. This API obtains the data from a 

PostgreSQL database and returns them to the 

same system. In addition to the above, they make 

use of MS Power BI, as support in the 

relationship of records and chart generation. 

 

BI is present in several applications 

oriented to agriculture. (Bimonte et al., 2021) 

present an analysis of agro-diversity in French 

agricultural fields using an own business 

intelligence framework. To create this 

framework, they take records from the Farmland 

Biodiversity Observatory database, a science 

program that was designed for the country's 

agricultural activity. The retrieved records are 

transferred to a data warehouse using an 

Extraction-Transformation-Loading (ETL) tool. 

When cleansing the data, they mention that the 

analysis is through data science methods, where 

different levels are considered to target different 

types of users. The relational storage implements 

an OLAP tool in Mondrian server (Hyde, 2006), 

which relates dimensions such as agricultural 

systems, crops, fertilization, geographical 

location, field type, pesticide use, meadows, 

among others. With an OLAP tool in Saiku, a 

service that allows the creation of reports 

through draggable elements (OpenExpo, 2019), 

they display the information for clients or expert 

analysts, where each user has the facility to 

select the queries of personal interest, 

visualizing the results through bar charts, pie 

charts, among others. 

 

 

 

 

Similarly, the work presented by 

(Dávalos, 2022) shows the development of an 

optimizing system for monitoring indicators in a 

brewing company, where business intelligence 

is used to generate reports and manage orders, 

stock, product volume, customers, among 

others. The development begins with the 

extraction of data stored in Microsoft Excel, 

where CSV files are produced. These records are 

retrieved through Pentaho software, which 

oversees the ETL process, cleaning those 

records that are not useful, and saving the rest in 

a database on PostgreSQL. Subsequently, they 

use the OLAP system in Saiku, which is 

responsible for managing the relationships 

between values, and producing information for 

the company. 

 

Another way to generate information 

through data warehouses, is to use dimensional 

schemes that relate records in a simplified way, 

as in the case of (Ngo, Kechadi, 2020). In their 

study they use a constellation type scheme to 

relate data acquired from multiple sources. The 

schema has five fact tables, "field facts", "sales", 

"orders", "tests" and "management actions", and 

22 dimensions. The values of the dimensions 

include field data, type of substrate, nutrients, 

quantity of sales, price per unit, products 

purchased, among others. Lastly, they reported 

three correlations, one between crops and soil 

type, where the factors analyzed are pH, 

phosphorus, potassium, and magnesium content; 

another correlation was between crops and the 

herbicides used, and the las one between crops 

and insecticides. 

 

For the calculation of productive 

efficiency, several studies were located, which 

take as parameters the quality and quantity of 

feed supplied to the ponds, the duration of each 

crop, the size of the ponds, and the general 

knowledge of the farmers. According to the 

article presented by (Iliyasu, Mohamed, 2016), 

they use the Data Envelopment Analysis (DEA) 

methodology in one and two stages, mentioning 

its use due to its practicality, since it can be 

useful in economics, health, agriculture, 

transportation, education, and manufacturing. 
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Conversely, the work published by 

(Yuan et al., 2020) makes use of Stochastic 

Frontier Analysis (SFA). This is predominantly 

used for the estimation of technical efficiency 

studies in the aquaculture sector, mentioning that 

SFA attributes all deviations from the 

production frontier to technical inefficiency, 

making it an inappropriate technique in some 

sectors, especially in agriculture, whose data 

collection process is sensitive to stochastic noise 

and other measurement errors.  

 

Proposed solution 

 

As described in the previous section, several 

technologies focus on the use of BI systems for 

the analysis of data from agricultural activities. 

Therefore, the importance of aquaculture as an 

economic and food activity should be 

highlighted. 
 

Thus, based on the nature of the problem 

identified in the aquaculture farm, on the 

available data and on the free access tools that 

will allow a higher quality evaluation of the 

information, this work proposes to generate a 

system based on business intelligence, called the 

Intelligent System for Aquaculture Tilapia 

Management (SIGETA), which involves 

technologies for the design of data warehouses, 

ETL processing, statistical calculation and 

generation of graphs and tables. 
 

The objective of this research is to 

present the modeling of SIGETA as a business 

intelligence system, managing the Stirling 

tilapia farming indicators, analyzing the 

production and parametric variables, the number 

of seeds and the harvest, along with the diseases 

of the species, supporting the understanding of 

the general situation of each pond, as well as the 

adequate management of personnel. 

 

This proposal innovates in an 

incremental way, being that it uses the C-TRA 

database to acquire records, also, it reports 

efficiency indicators for each pond, contributing 

to the aquaculture sector. Once implemented, it 

will monitor the situation of each pond during 

tilapia farming, and the producer will identify 

the possible causes of decreases in production 

efficiency and can make decisions that 

contribute to maintain the expected efficiency or 

even increase it. 

 
 

 

Article structure 

 

The document is divided in seven sections: the 

first one corresponds to the introduction, with 

the statement of the problem, the literature 

review and the proposed solution; the second 

one, materials and equipment, mentions the 

technologies used for the construction of the 

system; continuing with the experimental 

methods, which specify the methodology used in 

the development of the research; the results 

contributed to the farm and to the system itself; 

the conclusions, emphasizing the fulfillment of 

the objectives and the benefits provided; finally, 

the acknowledgements and references sections 

are presented, the latter as support for the 

proposal. 

 

Methodology 

 

The case study is linked to the needs reported by 

the owner of the “Granja Acuícola de 

Occidente”, which is part of the aquaculture 

product system, recognized by state government 

agencies. The materials and methods used, due 

to their characteristics such as work flexibility, 

costs, support, among others, help to present a 

model of a competitive tool with respect to 

current proposals. 

 

Materials  

 

As an essential material is the database that 

allows C-TRA to operate, additionally, the same 

technologies used in this system are applied, 

with the purpose of give continuity and 

homogeneity to the code, only having as an 

added value the Pandas library, from Python, 

which will perform the statistical calculations. 

 

Among the digital tools used is MySQL, 

the database management system. This tool 

manages all the records captured in C-TRA, in 

addition to the tables that make up the data 

warehouse and the queries necessary for system 

operation. For the visualization of SIGETA, 

HTML and CSS are used, both layout languages 

for structure and customization. Bootstrap, a 

CSS framework, is used to support usability. 

Regarding the manipulation of the events that 

occur in the application, Jquery, a JavaScript 

library, is used. 
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Additionally, the Python Pandas library 

is used, which is focused on statistical analysis, 

whose properties are the ease of loading data 

from various sources, such as CSV, JSON, 

HTML, or GBQ files, and the handling of large 

amounts of data is done efficiently compared to 

other tools such as Microsoft Excel, or Numpy, 

another statistical library for Python (McKinney, 

2012). 

 

Methods 

 

Since this project is focused on the aquaculture 

area, and the properties and characteristics of 

tilapia culture are specified, the approach of this 

research is quantitative with descriptive 

character, where the productive efficiency is 

analyzed (Sampieri, 2014). In addition, an 

incremental product innovation in the 

technological area is detailed (Publishing, 2005).  

 

The research takes as universe the 

culture ponds of the aquaculture farm, 

specifically the active ponds during the 

development of the modeling. To deepen the 

requirements of the system, semi-structured 

interviews were conducted with the owner of the 

farm; in addition, data was obtained by 

extracting records from the database that the 

producer has. 

 

As a development methodology in the 

management of the software engineering 

process, the agile methodology Scrum was 

followed, given its characteristics of adaptation, 

iteration, speed, flexibility, and efficiency, 

designed to deliver significant value quickly in 

every project (SCRUMstudy, 2019). The Scrum 

workflow is shown in Figure 1.  
 

 
 

Figure 1 Scrum’s project life cycle 

Source: SBOK Guide 3rd edition 

 

 

 

 

 

 

 

 

As can be seen, the business case is 

identified, the project vision is created and from 

this document, the prioritized list of pending 

issues is created containing the user stories that 

relate the functionalities required by the users. 

These are planned in sprints or iterations for 

delivery. Each sprint contains a certain number 

of user stories that become deliverable 

increments at the end of the sprint. 

 

Along with Scrum, this research 

incorporated the Kimball methodology for data 

warehouse modeling, enabling fast record 

retrieval (Mendoza, 2020). The structuring of 

the data warehouse follows a bottom-up 

approach, where datamarts are created first, 

based on system requirements. The primary data 

sources are evaluated and processed using an 

ETL tool that captures and cleans the records, 

which are then loaded into a data warehouse, 

which relates the data in a fact table, as a support 

for the information to be generated.  

 

The Kimball methodology aims to make 

data warehousing run quickly, providing 

analytical reporting capabilities for specific 

business processes, simplifying data 

management due to its non-standardized 

structure, which simplifies queries and analysis 

(Naeem, 2020).  

 

Methodology application 

 

The constant contact with the producer allowed 

to define the vision of the project, also 

considering the possible changes and risks 

during the development. The project vision 

included the epics and user stories that defined 

the scope of the project. Subsequently, eight 

sprints of two weeks each were planned. As each 

sprint progressed, results were obtained that 

were useful to the client, considering the priority 

of each task and the comments for the adequacy 

of the system, with each deliverable being 

reviewed and endorsed by the client. The process 

was repeated in a similar manner during the 

following sprints. As a result of the project 

vision, Figure 2 shows the conceptual model of 

SIGETA. 

 



GONZÁLEZ-RODRÍGUEZ, Sabino, CHÁVEZ-VALDEZ, 

Ramona, ARCEO-DÍAZ, Santiago and BRICIO-BARRIOS, 

Elsa. Modelling of a business intelligence system for indicator 

management in the Stirling tilapia farming. Journal of 

Computational Systems and ICTs. 2022 

ISSN-2444-5002 

ECORFAN ® All rights reserved. 

28 

Article                                                                       Journal of Computational Systems and ICTs 

  December 2022, Vol.8 No.22 23-35 
 

 

 
 

Figure 2 SIGETA’s conceptual model 

Source: Own elaboration 

 

The process begins when the user (green 

box at the bottom left) loads the records using 

the C-TRA tool, which are stored in the system's 

database. The records contain the historical 

values of breeding, rearing, and farming periods. 

Subsequently, by means of MySQL queries, 

only the tables related to the culture are 

retrieved. These tables remain in a temporary or 

data preparation area; this database is considered 

the first action of SIGETA (yellow box at the 

top) and leads to ETL processing. 

 

Employing the Pandas library, the ETL 

process is performed from the temporary area to 

the data warehouse, obtaining new tables, 

organized in a multidimensional model in the 

form of a star. This model has a fact table called 

efficiency, and six dimensions, which are 

biometrics, parameters, outputs, inputs, feed, 

and medication. 

 

Once the warehouse is structured, 

relationships and analysis can be performed with 

the data, through preloaded queries in SIGETA. 

One of the analyses is the calculation of the 

productive efficiency, which first implements 

the DEA statistical method, followed by the 

bootstrap statistical method, which will give 

greater precision to the analysis. These 

calculations are carried out with Pandas, which 

takes from the data warehouse the relation of 

records that allow to generate the efficiency 

indicators. 

 

 

In the same way, simple relations can be 

made to contemplate the situation of each pond, 

such as the relation between consumed feed and 

average growth, water parameters of the ponds 

against feed consumption, among others, 

resulting in production indicators. The results of 

the queries return graphs or tables for the end 

user to facilitate the understanding of the 

situation of each pond, thus supporting decision 

making. 

 

Epics and user histories 

 

A software life cycle contains processes, 

activities, and tasks applicable during the 

acquisition, provision, development, operation, 

maintenance or disposal of software systems, 

products and services, through the involvement 

of stakeholders with the objective of meeting 

customer needs (International Organization for 

Standardization, 2017).  

 
Epic: 2 History 

N°: 1 

Title View creation 

of SIGETA 

Priority High Risk Low 

Estimation 8h Responsable Sabino 

Tonatiuh 

González 

Rodríguez 

Description As user I want to have a SIGETA tab to 

see the situation of each pond 

Validation Select from the C-TRA menu the 

SIGETA option. 

Display a query window 

To have a drop-down menu containing 

the ponds 

Have query options 

Contain a box where the graphs or 

tables will be displayed. 

 
Table 1 Example of a User History, describing a task and 

his validations 

Source: Own elaboration 

 

Given the planning of the eight sprints, 

in the progress of each one, useful results to the 

client were obtained, taking into account the 

priority of each story and the comments for the 

adequacy of the system, with each deliverable 

being reviewed and endorsed by the client. The 

process was repeated in a similar way during the 

following sprints. 

 

Deliverables were based on epics, user 

stories and tasks. Epics are the stakeholder's 

requests, which give an overview of the project 

(Mendoza, 2020). In this research, five epics 

were obtained, visible in Table 1. 
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Table 2 Epics with SIGETA's scope 

Source: Own elaboration 

 

  User Stories (UH) are numbered, they 

are assigned a priority value, a risk value, 

responsible parties  and a general description are 

assign using the format "I like... want... for...", 

following the model proposed by Mike Cohn, a 

Scrum Triner co-founder of the Scrum Alliance, 

which answers three things, "What type of user 

is the user requesting?", "What is wanted?", and 

"Why is it wanted?" (Menzinsky et al., 2020). 

Table 2 exemplifies the user story about the pond 

situation. 

 

The UH follows the aforementioned 

format, since it contains information regarding 

the epic it belongs to, the user story number, its 

name, the importance of its realization and 

complexity, as well as a numerical estimate to 

easily compare it with other user stories of the 

same epic, and finally, the name of the person 

responsible for its realization.  

 

  Therefore, this methodology helped to 

naturally adapt to changes and user 

requirements. Also, although Scrum is a 

structured methodology, its execution can be 

adapted to the needs of the Project (Drumond, 

2020). 

 

Efficiency calculation 

 

DEA combined with bootstrap is used to 

estimate the productive efficiency of each pond. 

DEA is an alternative principle to generate 

information about an examined population, 

optimizing each individual observation with the 

objective of calculating a discrete piecewise 

frontier (Charnes, 1997). An example is 

presented in Figure 3.  

 

 
 

Figure 3 DEA example diagram 

Source: Open Edition Journals 

 

The graph shows the relationship of 

inputs on the abscissa axis versus outputs on the 

ordinate axis. An input is a resource or material 

that is used to generate a product, and an output 

is the amount or volume of profit generated by 

the input. For the case of the farm, there are 

several types of inputs and outputs, which 

depend directly on the desired analysis. For 

example, an input is the amount of feed 

consumed by the tilapia in a given time, and an 

output is the growth in grams obtained by the 

fish. 

 

Each point on the graph represents the 

relationship between the number of resources 

used and how much benefit was obtained from 

it. Then, those with a closer approach to the 

output axis, adjacent to the input axis, are joined; 

the line indicates the cases that obtained the best 

result, and the rest of the points are considered 

as deficient cases. 

 

Due to the alterations that can occur 

during the tilapia culture process, it is risky to 

assert that a pond is productive or not; the ideal 

is to repeat multiple times the production of 

tilapia in a pond, trying to replicate the 

conditions presented, being this virtually 

impossible. 

 

Therefore, in addition to DEA, bootstrap 

is used, defined by (Efron, 1994) as a computer-

based method that assigns measurements to 

approach statistical estimates. 

 

 

 

No. Epic 

1 As a user I want to know the efficiency of each 

pond. 

2 As a user I want graphs to be presented, 

detailing the calculations and analysis 

performed by the system. 

3 As a user I want to compare efficiency between 

ponds. 

4 As a user I want to save or print the generated 

tables or graphs. 

5 As a user, I want the data to be updated every 

15 days. 



GONZÁLEZ-RODRÍGUEZ, Sabino, CHÁVEZ-VALDEZ, 

Ramona, ARCEO-DÍAZ, Santiago and BRICIO-BARRIOS, 

Elsa. Modelling of a business intelligence system for indicator 

management in the Stirling tilapia farming. Journal of 

Computational Systems and ICTs. 2022 

ISSN-2444-5002 

ECORFAN ® All rights reserved. 

30 

Article                                                                       Journal of Computational Systems and ICTs 

  December 2022, Vol.8 No.22 23-35 
 

 

This method takes the arrays of output 

values to create a new data set, or all the points 

of the DEA plot, this selection being randomized 

with the possibility of repetition, called sampling 

with replacement, preserving the same amount 

of values of the original set. Subsequently, the 

average is calculated and recorded in a 

histogram, exemplified in Figure 4. 

 

 
 

Figure 4 Bootstrap working example 

Source: StatQuest with Josh Starmer 

 

This process is repeated n times, where 

the number of iterations generated with 

bootstrap depends directly on the computational 

capacity of the equipment performing the 

calculations. It is recommended to do as many as 

considered reasonable, although increasing the 

number of iterations reduces the effects 

produced by random events or failures in 

original samples (Efron, 1979). According to 

(Efron, 1987), 50 iterations are sufficient to 

obtain up to a 95% confidence interval, being 

possible to have an estimate very close to the 

mean of the real efficiency value. 

 

Results 

 

The modeling of the SIGETA system was 

obtained, which includes the data warehouse on 

which it operates, as well as the views that 

compose it, supporting the aquaculture farm in 

the management of Stirling tilapia farming data. 

 

SIGETA has web features, it considers 

the connection with the MySQL server database 

of the C-TRA system; using ETL, the data are 

extracted, transformed and loaded to the created 

warehouse, the data is arranged in a 

multidimensional star-shaped schema, and the 

records are processed with the Pandas library, 

where DEA and bootstrap methodologies are 

applied; finally, the production and efficiency 

indicators are generated, which the final user can 

visualize through graphs and tables. 

 

 

 

 

 

 

System functionality 

 

Users accessing SIGETA can select the interest 

to know by means of tabs, executing preloaded 

queries in the code, which speeds up the 

acquisition of results, like Efficiency, General 

Information, Biometrics, and Relationship as 

shown in Figure 5. Each tab has a section to 

select both the desired tank and the period of 

records, specifying the required start date and 

end date. 

 

 
 

Figure 5 View General info, the main view of SIGETA 

Source: Own elaboration 

 

The tab General Information section 

shows graphs that reflect the values recorded 

directly in C-TRA associated with the farming 

stage, including physicochemical parameters. 

The Biometry tab indicates the growth values of 

the tilapia, the measurements taken, the average 

size and the average growth. 

 

The Relationship tab, presented in Figure 

6, performs relationships of multiple variables, 

for example, the amount of feed consumed 

versus growth obtained, or how applying a drug 

affects feed consumption and growth. This 

relationship performs a calculation based on 

DEA methodology. In the graphs, each point 

represents a date and what characteristics were 

present, identified by color. As an illustration, 

the red dots indicate July 1 as the date, but each 

chart shows how the input (feed, oxygen, 

temperature) is related to the output (growth, 

feed consumption). 
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Figure 6 View Relation from SIGETA 

Source: Own elaboration 

The relationship of growth with respect 

to the amount of feed, shown in Figure 7, is 

plotted in the upper left panel of the page, and 

indicates as input the amount of feed supplied to 

the pond, measured in tons, and as output the 

growth of the tilapia, expressed in grams. This 

growth is the comparison of the previous weight 

versus the current weight. 

Figure 7 Detail of the graph showing the relationship 

between feed consumption and growth 

Source: Own elaboration 

The upper right panel indicates feed 

consumption versus the amount of dissolved 

oxygen in the water, visible in Figure 8, taking 

oxygenation as input and feed consumed as 

output. Both values are averages of the lapses 
between biometrics. 

Figure 8 Detail of the relationship between dissolved 

oxygen and feed consumption 

Source: Own elaboration 

The lower left panel, seen in Figure 9, 

reflects the amount of feed supplied (horizontal 

axis) with respect to the temperature in degrees 

Celsius of the pond (vertical axis). 

Figure 9 Detail of the graph relating pond temperature and 

feed consumption 

Source: Own elaboration 

The relationship of feed intake to drug 

supply, Figure 10, shows how drug doses can 

affect feed consumption. 
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Figure 10 Detail of the food-medicine relationship graph 

Source: Own elaboration 

It should be noted that the use of the 

DEA generates an approximation of the 

efficiency of each pond between measurement 

periods, but there may be uncontrollable factors 

that affect tilapia growth, such as stress due to 

the presence of predators, cloud cover that 

darkens the ponds, excess nitrite and nitrate from 

fecal matter, among others. 

To increase the precision of the 

productive efficiency of each pond, the bootstrap 

methodology was used. The output values 

provided by DEA are used to re-sample with 

substitution, creating new arrays of values. 

In this case, the generation of the 

bootstrap indicator is related to the dates selected 

by the user, since they determine the number of 

samples taken for the arrays. Following the 

procedure, the re-sampling is taken randomly, 

with the possibility of repetition of values. Given 

the computational capacity of the producer's 

equipment, 50 iterations are performed, as 

observed in 2.4, in order to create highly reliable 

indicators, without sacrificing processing speed 

and consumption of computational resources. 

The average indicator obtained by 

bootstrap is the one used in the graphs and tables 

of the efficiency tab, shown in Figure 11, 

reflecting a quasi-rational value of the pond's 

productive efficiency (lower right section of the 

Figure). 

Figure 11 Efficiency tab view from SIGETA 

Source: Own elaboration 

Of these graphs, the one located in the 

top panel, shown in Figure 12, compares the feed 

consumed against an ideal consumption, based 

on the farm's historical record. It also compares 

the given growth against the ideal, taking the 

same parameters as the feed. 

Figure 12 Comparison of indicators. Real versus ideal 

values 

Source: Own elaboration 

Likewise, the figure 13 shows a graph 

that denotes an upper and lower limit, with the 

upper limit being the ideal growth of the tilapia, 

and the lower limit being that growth considered 

critical, where any value close to this indicates 

special attention. Likewise, the graph shows a 

line of the value taken by the biometries. 
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Figure 13 Detailed graph of maximum expected growth 

vs. minimum desired growth 

Source: Own elaboration 

 

Data Warehouse 

 

The logical part of data management refers to the 

records in the data warehouse, which are 

maintained locally. The data warehouse is based 

on the Kimball methodology, using a star-

shaped model, shown in Figure 14, which 

includes the fact table "efficiency", along with 

the dimensions parameters, income, medication, 

feed, outflows and biometrics. This scheme 

facilitates the collection of data associated with 

production and efficiency indicators, in relation 

to the amount of tilapia harvested, as well as the 

behavior in relation to feeding behavior and 

physicochemical parameters. 

 

 
 

Figure 14 Data Warehouse of SIGETA in star-shaped 

schema 

Source: Own elaboration 

 

 

 

 

 

The design of SIGETA, as well as the 

data warehouse, meet the requirements of the 

farm producer, as the epics that defined the 

scope of the system are addressed. 

 

Discussion 

 

The results show the modeling of the SIGETA 

system; the visual part for the user, as well as the 

functioning of the data warehouse on which it 

operates. It can be appreciated the variety of data 

that can be analyzed and related, and how this 

reflect behaviors in response to certain stimuli 

during tilapia culture. 

 

This modeling proposes a solution to the 

problems of the aquaculture farm owner and the 

C-TRA system, allowing the generation of 

information through graphs that support decision 

making. 

 

Regarding related work, SIGETA 

combines statistical calculations of efficiency 

with management, using computational 

technologies. In addition, the use of this system 

will clarify uncertainties in the face of 

complications, substantiating the empirical 

knowledge of the workers. 
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Conclusion 

 

This applied research presents SIGETA, whose 

contribution to the field of knowledge is the 

modeling of the data warehouse and the system 

views, being this a process innovation from the 

analysis of information from the records that 

follow up the tilapia farming; and a product 

innovation, by providing a new system for the 

company. 
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The views work for the analysis and 

management of data produced during the tilapia 

aquaculture farming stage, taking advantage of 

the fact that the producer has records of tilapia 

culture monitoring through C-TRA. Thanks to 

the data, production and efficiency indicators 

can be generated to support decision making. 

 

The impact of the system is to provide an 

opportunity for the producer to know the 

behavior of each pond, and to monitor 

productive variables, such as feed, temperature, 

oxygenation, growth, and use of medications. 

The result of permanent monitoring promotes 

the management of the resources invested during 

cultivation. 

 

SIGETA represents direct benefits for 

the producer, since at any moment of the farming 

he can relate the productive variables, looking 

for situations that can cause affectations and act 

on the basis of what has been observed. This type 

of system can be implemented in other 

aquaculture activities of the primary sector, 

following the same support principles. 

 

On the other hand, we have a low-cost 

system that makes use of open-source software, 

allowing the scalability of the system and 

facilitating the maintenance of the code.  

 

In terms of software development 

management methodology, the effectiveness of 

Scrum with Kimball integration, expedites the 

work and deliveries, anticipates risks and adapts 

to customer needs. 

 

As future work, the implementation of 

machine learning systems is proposed, as well as 

the taking of external factors, such as the 

presence of natural phenomena or data from 

external sources, to generate a prediction of 

tilapia behavior. 
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